Background: The Lu-Hf isotope system is widely used to decipher the crustal evolution and mantle differentiation of the Earth. The most critical point in obtaining accurate Hf isotope data is to correct the isobaric interferences of Yb and Lu imposed on the 176 Hf peak. In this study, we tested the validity of within-run correction protocol using MC-ICP-MS analysis of Hf standard solutions doped with Yb and Lu. Findings: We found that the use of carefully selected Yb isotopic composition in the literature resulted in more reliable 176 Hf/
Introduction
Out of six naturally occurring isotopes of hafnium ( 174 Hf, 176 Hf, 177 Hf, 178 Hf, 179 Hf and 180 Hf ), radiogenic 176 Hf is produced by the β-decay of 176 Lu with a half-life of 37.2 billion years in terrestrial samples (decay constant λ = 1.865 × 10 -11 y -1 ) (Scherer et al. 2001) . Hafnium is more incompatible than lutetium during partial melting of mantle peridotite and thus long-term enrichment of the former relative to the latter in the continental crust has yielded unradiogenic 176 Hf/ 177 Hf ratios compared with those in the depleted mantle (Patchett et al. 1981) . In this respect, the Lu-Hf system has been effectively used to trace crustal evolution and mantle differentiation of the Earth since the early 1980s (Patchett et al. 1981; Patchett & Tatsumoto 1980; Patchett 1983 ). Early Lu-Hf works were majorly undertaken by thermal ionization mass spectrometry but recent advances in multi-collector inductively coupled plasma mass spectrometry (MC-ICP-MS) have revolutionized the analysis of Lu-Hf isotopes, especially when combined with laser-ablation micro-sampling techniques (Thirlwall & Walder 1995; Griffin et al. 2000; Hawkesworth & Kemp 2006) . Accurate 176 Hf/ 177 Hf ratio is obtained only after the contribution of isobaric interferences by rare earth elements Yb and Lu on the 176 Hf signal is carefully corrected (Woodhead et al. 2004; Iizuka & Hirata 2005) . This is particularly important where hafnium purification is unavailable prior to sample introduction to the ion source, as in the case of laser ablation analysis. The present study tests the validity of isobaric interference correction at mass 176 by using MC-ICP-MS analysis of Hf standard solutions doped with Yb and Lu. As the precise values of Yb isotope ratios selected for the correction of mass bias and isobaric contribution critically concern the reliability of corrected 176 Hf/ 177 Hf ratio, previous reports on Yb isotopic abundances will also be evaluated.
Instrumentation
In this study, Hf, Yb and Lu isotopic signals were measured by using a Neptune MC-ICP-MS installed at the Korea Basic Science Institute (KBSI) 
Measurement of standard solutions
The basic instrumental capability of the KBSI Neptune MC-ICP-MS was tested by using a JMC 475 Hf standard solution with a concentration of 200 ng ml -1 . The exponential law (Russel et al. 1978) was applied for mass bias correction using 179 Hf/ 177 Hf = 0.7325 (Patchett et al. 1981 (Figure 1 ) and thus it is concluded that the isotopic composition of a small quantity of hafnium (< 20 ng) could be analyzed with reasonable precision and accuracy in a short (< 1 minute) measurement time.
We also measured Hf isotope ratios of in-house standard solution JMC 14375, delivered from Alfa Aesar of Johnson Matthey Company (stock no. 14375, lot no. 83-084740F, plasma standard solution). The 176 Hf/ 177 Hf ratio of this standard solution (300 ng ml -1 Hf ), measured with the same analytical design as that for the measurement of JMC 475 standard solution (20 cycles, 4.194 s integration) gave an average of 0.282228 ±0.000005 (n=10, 2σ S. E.) (Table 3) .
Correction for isobaric interferences
Several analytical strategies were suggested to correct the isobaric interferences by Yb and Lu on 176 Hf: (1) Yb is doped with Hf isotope standard solution, and then use revised Yb isotopic compositions that give correct 176 Hf/ 177 Hf ratio (Thirlwall & Walder 1995; Griffin et al. 2000) , (2) Determine the relationship between the Hf and Yb mass bias factors (Chu et al. 2002) , (3) Yb mass bias factor is directly obtained from the Yb isotope ratios simultaneously measured with the Hf analysis (Woodhead et al. 2004; Iizuka & Hirata 2005) . The last protocol would be the most effective unless Yb signal intensities are so low that precise isotope ratios are unavailable, considering that the mass bias factor is not a constant value during the MC-ICP-MS measurement (Woodhead et al. 2004; Iizuka & Hirata 2005) . In this study, the isobaric interferences of 176 Lu and 176 Yb Accu-Trace Yb (lot no. B4035064-2B, reference standard) and 3.0 ng ml -1 for Accu-Trace Lu (lot no. B8045141, reference standard). For the calculation of β(Yb) and isobaric interference correction, an accurate Yb isotopic composition is needed but previous reports are not uniform (Chu et al. 2002; McCulloch et al. 1977; Segal et al. 2003; Thirlwall & Anczkiewicz 2004; Vervoort et al. 2004 ). The 176 Hf/ 177 Hf ratio of the Hf isotopic measurements for a mixed standard solution of which concentrations were 298.7 ng ml -1 for JMC 14375 Hf, 30.4 ng ml -1 for Accu-Trace Yb and 3.0 ng ml -1 for Accu-Trace Lu. The isobaric interference corrections were made after previous reports on Yb isotopic composition (Chu et al. 2002; McCulloch et al. 1977; Segal et As depicted in Figure 2 , the results of 11 measurements (20 cycles, integration time=4.194 s) indicate that reports of Yb isotope ratios in (Chu et al. 2002; McCulloch et al. 1977) Hf is typically very small in the crustal materials (ca. 1%, (Rudnick & Fountain 1995) ). The β(Yb) value of each cycle is plotted against the β(Hf) value in Figure 3 . This diagram confirms that the two values are not identical, and should be measured independently during the run. They are positively correlated with each other but a distinct regression line is not identified.
We further tested the validity of isobaric interference correction described above by using Hf+Yb+Lu solutions mixed with different elemental proportions (Hf = 300 ng ml 2 > 0.98), leaving a possibility that these inter-elemental isotope ratios can be accurately measured directly from the sample solution without chemical purification.
Conclusions
We tested the capability of a Neptune MC-ICP-MS in obtaining accurate Hf isotope ratios of the mixed Hf+Yb+Lu standard solution. Careful selection of Yb isotope compositions was essential for the correction of mass bias and isobaric interferences from Yb and Lu on the 176 Hf peak. The validity of within-run correction protocol Hf ratios with the gravimetric values leaves a probability to determine the interelemental isotope ratios directly from the sample solution without chemical separation.
